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It is well known that inclusion of torsion in the gravitational formalism, leads to four-
fermion interactions. Although the coupling constant of this interaction is strongly sup-
pressed in four dimensions, its value is enhanced in models with n extra dimensions. In
this context, we reinterpret the recent limits established by LHC experiments to four-
fermion contact interactions, to set bounds on the size of the extra dimensions. For n = 2,
the limits are comparable to those in the literature, while for n ≥ 3 the volume of the
extra dimensions is strongly constrained.
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1. Introduction
The standard model (SM) of particle physics has proved to be a very successful
theory, but still has problems. Among these, one that is considered fundamental
is the vast difference between the electroweak and gravitational scales, known as
the hierarchy problem, which might be solved introducing extra dimensions. The
gravitational theory of Einstein can be generalized in several ways, specially in
higher dimensional spacetimes. One of the simplest generalizations is due to Cartan,
who proposed that the torsion does not necessarily vanishes.1–3
Cartan’s extension of general relativity, can be naturally written in the first or-
der formalism, using two independent kind of fields: (a) the vielbeins, which encode
the information carried by the metric, and (b) the spin connection, which encipher
the way the parallel transport is performed. However, in general the spin connec-
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tion possesses an antisymmetric part, that is not present in the Levi-Civita one,
which introduces torsion to the picture. In this formalism, gravity can be coupled
to fermionic matter naturally. Since the field equation for the spin connection is
algebraic, it can be used to substitute the torsion in terms of the spin of fermion
fields. The new action contains standard general relativity and matter fields with
an additional contact four-fermion interaction.4–8
In four dimensions, within the most straightforward torsional extension of
Einstein-Hilbert gravity,a the effective four-fermion interaction term has a coupling
constant proportional to Newton’s gravitational constant, GN ∼M
−2
pl , whereMpl is
the Planck’s mass; although in the most general torsional generalization of Einstein
gravity, the effective four-fermion interaction term has a coupling constant propor-
tional to a yet undetermined constant.b Therefore, at first glimpse this interaction
is highly suppressed. Nevertheless, in the last twenty years diverse scenarios have
proposed that the existence of extra dimensions could solve the hierarchy prob-
lem, due to the introduction of a (higher dimensional) fundamental gravity scale of
roughly M∗ ∼ O(1) TeV.13–17 Recently, limits to the fundamental scale of gravity
have been set up by direct searches of quantum black holes18 and the influence of
the exchange of virtual gravitons on dilepton events.19, 20 These might be compared
with gravitational theories with torsion through their observables torsional observ-
ables,5, 6, 21, 22 including some generalisations to higher dimensional spacetimes23, 24
or Lorentz violating models.25
On the other hand, ATLAS and CMS collaborations have presented experimen-
tal limits for the coupling constant of four-fermion contact interaction.19, 20, 26–29
Adequately interpreted, these results are useful for imposing bounds on the value
of the fundamental gravity scale, M∗, in the context of theories with torsion. By
extension, it is possible to find limits on the size of the eventual extra dimensions.
The aim of this work is to obtain updated bounds and limits on the typical size
of the extra dimensions using data coming from the LHC experiment.c The paper
is organised as follows, in Sec. 2, for the sake of completeness, a brief presentation
of Cartan’s generalisation of gravity coupled with fermions is presented. In the next
sections constraints are found for different higher dimensional scenarios, such as
those proposed by Arkani-Hamed, Dimopoulos and Dvali13–15 in Sec. 3.1, and by
Randall and Sundrum16, 17 in Sec. 3.2. In Sec. 4 a summary of results and conclusions
is presented.
aUsing a non-vanishing torsion, more general gravitational models have been constructed with
terms quadratic in torsion.9–11
bAs remarked by L. Fabbri, the coupling constant of the effective four-fermion interaction term,
generically differs from the Newton’s gravitational constant.12
cConstraint to four-fermion interactions have been found from cosmological data,30 but here cos-
mological data have not been considered.
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2. Cartan-Einstein Gravity with Fermions
It is a well-known fact that Einstein’s gravity is a field theory for the metric, and
the spacetime connection is required to be torsion-free (see for example Ref. 31).
Interestingly, when the first order formalism of pure gravity is considered, i.e.
with all matter fields turned off, whose fields are the vielbeins and spin connec-
tion, the torsion-free imposition is nothing but the equation of motion for the spin
connection.32
However, for gravity coupled with fermionic matter, this condition changes and
introduces a four-fermion contact interaction. The modification of the fermionic
Lagrangian due to the presence of torsion is presented below, using the notation in
Ref. 8.
The Cartan-Einstein action in D-dimensions is,
Sgr =
1
2κ2
∫
ǫaˆ1···aˆD
(D − 2)!
Rˆ
aˆ1aˆ2
∧ eˆaˆ3 ∧ · · · ∧ eˆaˆD , (1)
where eˆaˆ and Rˆ
aˆ
bˆ
are the vielbeins 1-form and curvature 2-forms respectively, and
these are related with the spin connection 1-form, ωˆaˆ
bˆ
, and torsion 2-form, Tˆ
aˆ
,d
through the so called structural equations,
deˆaˆ + ωˆaˆ
bˆ
∧ eˆbˆ = Tˆ
aˆ
, (2)
dωˆ
aˆ
bˆ
+ ωˆaˆcˆ ∧ ωˆ
cˆ
bˆ
= Rˆ
aˆ
bˆ
. (3)
Additionally, the Dirac action in arbitrary dimension is
SΨ = −
∫
ǫaˆ1···aˆD
(D − 1)!
Ψ¯eˆaˆ1 ∧ · · · ∧ eˆaˆD−1γaˆDDˆΨ
−m
∫
ǫaˆ1···aˆD
D!
Ψ¯eˆaˆ1 ∧ · · · ∧ eˆaˆDΨ, (4)
with Dˆ the exterior derivative twisted by the spin connection,
Dˆ = dxµˆ Dˆµˆ = dx
µˆ ∂µˆ +
ı
2
dxµˆ (ωˆµˆ)
aˆbˆ J
aˆbˆ
,
with J
aˆbˆ
the generators of the spinorial representation of the Lorentz group.
Since the total action is
S = Sgr + SΨ, (5)
the equations of motion for the whole system are,e
Rˆmˆaˆ3 −
1
2
Rˆδmˆaˆ3 = κ
2Ψ¯
[
γmˆDˆaˆ3 − δ
mˆ
aˆ3
(
6Dˆ +m
)]
Ψ, (6)
1
2
(
Tˆ
bˆcˆaˆ
+ Tˆ
bˆaˆcˆ
+ Tˆ
aˆbˆcˆ
)
= −
κ2
4
Ψ¯γ
aˆbˆcˆ
Ψ, (7)
dThe curvature and torsion 2-forms are related with the usual curvature and torsion tensors
through the relations, Rˆ
aˆbˆ
= 1
2
Rˆaˆbˆµˆνˆ dx
µˆ ∧ dxνˆ , and Tˆ
aˆ
= 1
2
Tˆµˆ
aˆ
νˆ dx
µˆ ∧ dxνˆ .
eMulti-indices γ’s denote the anti-symmetric product of γ-matrices.
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the LHS of Eq. (7) is generally denoted by Kˆ
aˆbˆcˆ
, and is called contorsion. Notice that
in the case of completely antisymmetric spin density, as in the case of Dirac fields
above, it is enough to consider the completely antisymmetric part of the torsion (as
in Eq. (7)) in what will be the single squared-torsion contribution.33
Since Eq. (7) is a constraint, it can be substituted back into the action. It is done
by splitting the spin connection into a torsion-free part, ωˆ
aˆ
bˆ
, and the contorsion.
In differential forms, it is expressed asf
ωˆ
aˆ
bˆ
7→ ωˆ
aˆ
bˆ
+ Kˆ
aˆ
bˆ
. (8)
The new action, expressed in terms of torsion-free quantities, is
S =
∫
dDx |eˆ|
[
1
2κ2
Rˆ − Ψ¯
(
6Dˆ +m
)
Ψ
+
κ2
32
Ψ¯γ
aˆbˆcˆ
ΨΨ¯γaˆbˆcˆΨ
]
, (9)
which is the usual torsion-free theory of gravity coupled to a fermion field with a
four-fermion contact interaction.
In the next sections the gravitational effects, other than the generation of a
four-fermion interaction, are neglected. Hereon, our objective will be to compare
the four-fermion interaction coming from this gravity model with the four-fermion
interaction limits found at the LHC experiments.
3. Bounds on Four-Fermion Interaction
Early proposals of contact four-fermion interaction signals in colliders are found
in.34–36 These works inspired searches at the LHC experiments. In particular, AT-
LAS and CMS collaborations have found limits on the scale of four-fermion con-
tact interaction, by analyzing the invariant mass and angular distribution of di-
jets.19, 20, 26–29 The strongest constraint comes from an interaction of chiral fermions
in the form
Lqqqq = ±
g2
2Λ2
ψ¯qLγ
aψqLψ¯qLγaψqL, (10)
which is experimentally excluded for Λ < 14TeV, assuming that the coupling con-
stant g ∼ O(1).
In this section the above limit is compared with the four-fermion interaction
coming from the Cartan-Einstein gravity action,g
L4Ψ =
κ2
32
Ψ¯γ
aˆbˆcˆ
ΨΨ¯γaˆbˆcˆΨ.
fThe contorsion one-form is obtaines from the contorsion by contracting its first index with the
one-form basis, Kˆ
aˆ
bˆ
= dxµ Kˆµaˆbˆ.
gNote that four-dimensional fermions are denoted with lower case symbol ψ, while the fermion in
arbitrary dimension is denoted with the capitalized one, Ψ.
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Within the context of the straightforward torsional generalization of Einstein’s grav-
ity in four dimensions,h where κ2 ∼ M−2pl , γabc ∼ γdγ
∗ and Ψ = ψL + ψR, the
comparison implies Λ ∼Mpl≫ 10TeV , which is tautological.
Nonetheless, there exist models where the fundamental scale of gravity is not
Mpl ∼ 10
18 GeV, but rather a much lower one, M∗, which could be of order of
the electro-weak scale, i.e. M∗ ∼ MEW , giving a natural solution to the Hierarchy
Problem. These models, however, require extra dimensions. Therefore, in the follow-
ing the spacetime will be considered to be (4 + n)-dimensional, where the n extra
dimensions are either compact or extended, and differentiation between models is
made according to this characteristic.
In order to achieve the goal of comparison, it is necessary to reduce the dimension
of the spacetime from D down to four. Although the dimensional reduction could
be a complex procedure,i we will sketch how a term like Eq. (10) appears.
First, in the contraction (γ
aˆbˆcˆ
)(γaˆbˆcˆ) one splits the indices to consider the four-
dimensional contribution,8 i.e.,
(γ
aˆbˆcˆ
)(γaˆbˆcˆ) = (γabc)(γ
abc) + 3(γab∗)(γ
ab∗) + · · · ,
where the ellipsis stand for additional terms, but the focus will be on the first
one, because it will rise the kind of interaction comparable with the experimental
data. Second, the antisymmetric product of three elements of the four-dimensional
Clifford algebra is equal to the product of the missing element of the Clifford algebra
times the chiral element, i.e., γabc ∼ γdγ
∗. Next, the higher dimensional spinor Ψ
can be decomposed (or compactified) as the product of the four-dimensional times
n-dimensional spinors,37–41
Ψ(x, ξ) =
∑
i
ψ(i)(x) ⊗ λi(ξ)
=
∑
i
(
ψ
(i)
L (x) + ψ
(i)
R (x)
)
⊗ λi(ξ), (11)
where the standard Kaluza-Klein decomposition for fermionic fields has been used,j
x denotes the coordinates on the four-dimensional spacetime, ξ denotes the extra
dimensional coordinates, and also Dirac spinors (in four dimensions) have been
decomposed in terms of Weyl spinors. Therefore, after integration of the extra di-
mensions, the effective four-dimensional theory would have a term of the desired
hIn our notation, the four-dimensional chiral matrix is called γ∗.
iThe difficulty for finding the effective theory comes from the fact that in higher dimensional
spacetimes, the spinorial representation of the Lorentz group could have dimension different than
four. Therefore, one should be aware of the decomposition of the spinors (including the profiles
through the extra dimensions), as well as the Clifford algebra elements, prior to the integration of
the extra dimensions.
jIn general the Kaluza-Klein decomposition in term of the Weyl spinors, accept different profiles
(λL and λR). Nonetheless, for the purpose of comparison with the term in Eq. (10) (where all
spinors are left-handed), we restrict ourselves to the case of equal profiles.
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form
Leff =
κ2eff
32
ψ¯qLγ
aψqLψ¯qLγaψqL. (12)
Dimensional analysis gives two possibilities. Either the effective coupling constant
is directly related to the fundamental gravitational scale, κeff ∼ M
−1
∗ , or is related
to the effective four-dimensional one κeff ∼
(
M ′pl
)−1
, where M ′pl is the redefined
Planck mass after the dimensional reduction. These two interpretations originate
different limits, which rise the bound limits presented below. In the following, the
limits corresponding to the first interpretation will be called RA, while the limit
given by the second interpretation will be called RB
3.1. ADD models
ADD models13, 14 consist of a four-dimensional spacetime with a set of n compact
extra dimensions, with typical length R. Matter is confined to the four-dimensional
spacetime for energies below Λ ∼ 1
R
, while gravity propagates through the whole
spacetime. This configuration allows to solve the hierarchy problem, because the
natural scale for gravity is not the effective four-dimensional one, but rather the
(4 + n)-dimensional.
The relation between the fundamental gravitational scale, M∗, and the four-
dimensional effective one, Mpl is given by
M2pl ∼M
2+n
∗ R
n. (13)
Additionally, the coupling constant of the Einstein action is κ2 ∼ 1
M
2+n
∗
. It is worth-
while to mention that ADD scenarios are restricted to n ≥ 2, because of gravita-
tional phenomenology.13
From Eq. (13), it follows that the typical radii of the extra dimensions are
R ∼ 10
30
n
−17
(
1TeV
M∗
) 2
n
+1
cm. (14)
Assuming that the scale of the four-fermion interaction, Λ, is essentially the funda-
mental scale of gravity, M∗, one finds sizes of the extra dimensions from roughly a
few micrometers down to a few tens femtometers, depending on the number of extra
dimensions considered, as shown in the second column of Table 1. These results are
a refinement of the original ADD claim.
On the other hand, the effective coupling constant in four dimensions, κ2eff, should
be related directly with the fundamental scale of gravity, i.e., κ2eff ∼ M
−2
∗ , or in a
similar way as before
R ∼
(
Λ
M∗
) 2
n 1
M∗
. (15)
Hence, one finds another limit for the typical size of the extra dimensions, as shown
on the third column of Table 1.
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Table 1. Typical radius of the extra dimen-
sions in ADD models. RA for Λ ∼M∗. RB for
κ2
eff
∼ Λ−2, assuming M∗ = 100GeV.
n RA[m] RB[m]
2 10−6 10−16
3 10−11 10−16
4 10−13 10−17
5 10−15 10−17
6 10−16 10−17
7 10−16 10−17
3.2. Randall-Sundrum models
When considering Randall-Sundrum brane-worlds scenarios,16, 17 with metric
gˆµˆνˆ = e
−2krc|ξ|ηµνδ
µ
µˆδ
ν
νˆ + r
2
cdξµˆdξνˆ , (16)
the relation between the four-dimensional Planck mass, Mpl, and the fundamental
(five-dimensional) Planck scale, M∗, is given by
M2pl =
M3∗
k
. (17)
A well-known modulus stabilization method would ensure that the product krc ∼
10,42 the relation between the gravitational scales and the length of the extra di-
mension is found to be
M2pl ∼
M3∗ rc
10
. (18)
Analyzing both limits as in the previous section, the limit on the extra dimension
size is
RA < 10
10m,
RB < 10
−13m.
(19)
The range is particularly wide because there is a single extra dimension. Although
brane-worlds of codimension higher than one have been considered,43–47 without a
carefully thought-out moduli stabilization process the bounds on the extra dimen-
sions sizes are equal to those found in Sec. 3.1 (shown in Table 1).
4. Concluding Remarks
In this work we have used the limits on four-fermion chiral contact interactions
obtained by the LHC collaborations in order to constrain the typical size of eventual
extra dimensions in models where gravity admits torsion in the bulk.
Depending of the approach, there are two types of interpretations. These ap-
proaches, that we refer to as type A and type B, yield to constraints differ by at
least two orders of magnitude. According to the Table 1, and the limits of Eq. (19),
it is more likely to rule out the type B interpretation.
March 7, 2018 20:51 WSPC/INSTRUCTION FILE Single-mpla
8 O. Castillo-Felisola, C. Corral, I. Schmidt and A. R. Zerwekh
For a codimension 2 we have found an upper bound for the radius of the extra
dimensions of the order of 10−6m, which is comparable to the limits obtained from
direct search of the Kaluza-Klein excitations of the graviton.48 Nevertheless, for
higher numbers of extra dimensions we found that the constrains are a lot more
stringent. This is due to the fact that the fundamental gravitational scale, M∗,
is related with the effective one, say M ′pl, through higher powers, reducing the
dependence of the model on the size of the extra dimensions. This result provides
an example of the possibility of testing non-trivial extensions of General Relativity
using collider data.
A refining of the analysis can be achieved by introducing different profile func-
tions to left and right chiralities in Eq. (11), and performing the dimensional reduc-
tion analysis.8, 38, 41
This model illustrates that in the context of extra dimensions, extensions of the
gravitational sector might produce interesting effects in collider phenomenology. For
example, even the physics underlying quark masses might have a gravitational origin
in the bulk.8 Moreover, the same type of contact interaction, generates corrections
to very precisely measured electroweak observables, such as the Z0 decay, and their
comparison to experimental values provide additional constraints on the scales of the
effective coupling constant.49 Additionally, the structure of the contact interactions
and their universality allows a new contact interaction among neutrinos, which may
be important in cosmological contexts.
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